The effects of unilateral castration (UC) and induced unilateral cryptorchidism (CR) on plasma hormones and testis anatomy were studied in 36 Holstein bulls altered at either 3, 6 or 9 mo of age (n = 12). Plasma hormone concentrations were determined in six samples collected at hourly intervals on d 0, 1, 3, 7, 14 and 30, and then at monthly intervals through 6 mo after gonadal manipulation. (P<.05) seminiferous tubuler diameter and seminiferous epithelial cell height from basement membrane to the border of the lumen, but did not alter the ratio of tubuler to interstitial space within the testis. Seminiferous tubuler diameter and epithelial cell height were increased (P<.05) in CR compared with IN bulls. Unilateral gonadal alteration at 3 mo of age caused a greater (P<.05) hypertrophy of the scrotal testis in both UC and CR bulls than alteration at 6 or 9 mo of age. Results indicate that unilateral gonadal disruption is followed by rapid compensation in testis T production, little change in systemic LH and a rapid increase in secretion of FSH in the bull within those ages investigated. Further, UC elicits a greater compensatory hypertrophy than CR and the pituitary-testis endocrine axis is more responsive to alteration at 3 mo than at 6 or 9 mo of age in the bull.
Summary
The effects of unilateral castration (UC) and induced unilateral cryptorchidism (CR) on plasma hormones and testis anatomy were studied in 36 Holstein bulls altered at either 3, 6 or 9 mo of age (n = 12). Plasma hormone concentrations were determined in six samples collected at hourly intervals on d 0, 1, 3, 7, 14 and 30, and then at monthly intervals through 6 mo after gonadal manipulation. Although plasma testosterone (T) showed a transient decrease (P<.05) immediately after treatment, mean plasma concentrations of luteinizing hormone (LH) and T were unaffected by UC or CR over the 6-mo period (P>.05). Both hormones increased (P<.05) in concentration with advancing age. Plasma follicle stimulating hormone (FSH) concentration was greater (P<.05) in UC than in intact (IN) bulls overall, while FSH in CR bulls did not differ (P>.05) from either group. At slaughter, 11 mo after gonadal alteration, mean testis weight, ratio of testis weight to body weight and mean testis sperm cell numbers were increased (P<.05) 4The authors are indebted to K. W. Cheng, Univ. of Manitoba, Winnipeg, Manitoba, Canada, for purified bovine FSH and specific bovine FSH antiserum; L. E. Reichert for purified bovine LH (LER-1072); T. E. Kiser, Univ. of Georgia, Athens, for LH antiserum #190; G. D. Niswender, Colorado State Univ., Ft. Collins, for testosterone antiserum, $250, and the Endocrine Study Section, Bethesda, MD, for pituitary hormones.
(P<.05) seminiferous tubuler diameter and seminiferous epithelial cell height from basement membrane to the border of the lumen, but did not alter the ratio of tubuler to interstitial space within the testis. Seminiferous tubuler diameter and epithelial cell height were increased (P<.05) in CR compared with IN bulls. Unilateral gonadal alteration at 3 mo of age caused a greater (P<.05) hypertrophy of the scrotal testis in both UC and CR bulls than alteration at 6 or 9 mo of age. Results indicate that unilateral gonadal disruption is followed by rapid compensation in testis T production, little change in systemic LH and a rapid increase in secretion of FSH in the bull within those ages investigated. Further, UC elicits a greater compensatory hypertrophy than CR and the pituitary-testis endocrine axis is more responsive to alteration at 3 mo than at 6 or 9 mo of age in the bull. (Key Words: Unilateral Castration, Cryptorchidism, Luteinizing Hormone, Follicle Stimulating Hormone, Testosterone, Testis Anatomy.)
Introduction
Gonadectomy has been shown to result in increased serum luteinizing hormone (LH) concentrations in the rat (Gay and Midgely, 1969) , ram (Blanc and Locatelli, 1980) and bull (McCarthy and Swanson, 1976) . On the other hand, plasma LH concentrations in the unilaterally castrated (UC) neonatal and puberal bull remain comparable to intact (IN) bulls after compensatory hypertrophy of the remaining testis (Johnson, 1978; Barnes et al., 1980a) . This suggests that a reduced amount of testis tissue can maintain testosterone (T) levels that are capable of pituitary regulation comparable with that of the IN bull. Follicle stimulating hormone (FSH), however, has been reported to 1376 JOURNAL OF ANIMAL SCIENCE, Vol. 56, No. 6, 1983 increase in puberal bulls after UC (Leidl et al., 1980) and in cryptorchid bulls (Schanbacher, 1978) , suggesting removal of gonadal feedback influence on pituitary FSH production. The FSH increase in both UC and cryptorchid bulls was associated with the partial absence of seminiferous tubules (Schanbacher, 1979; Leidl et al., 1980) . These experiments indicate that alteration of testis function is possible and, with greater understanding of endocrine control of the gonads, enhanced reproductive function may be possible.
To date, there is little information on progressive changes that occur in the pituitary-testis endocrine axis shortly after disruption of testis function nor have there been studies to determine if the gonadal hypertrophy response is age related. The objective of this study was to determine the effect of UC and induced unilateral cryptorchidism (CR) performed at 3, 6 or 9 mo of age on changes that occur in plasma concentrations of LH, FSH and T beginning 24 h after and during a 6-too period following alteration in the bull. Further, the effect of both UC and CR, imposed at three different ages, on compensatory growth and sperm cell production was investigated.
Materials and Methods
Animals. Thirty-six Holstein bulls were assigned randomly at 3, 6 or 9 mo of age to one of three treatments, UC, CR or IN, resulting in a 3 x 3 factorial arrangement of treatments. To accomplish UC, a scrotal incision was made exposing a single testicle and spermatic cord. A suture was placed around the spermatic cord approximately 5 cm from the dorsal pole of the testis. The spermatic cord was then cut and the testis removed. To accomplish CR, an incision was made in the scrotum adjacent to the abdomen, exposing a single testis, spermatic cord and the inguinal canal. The testis was forced through the inguinal canal into the abdominal cavity and the inguinal canal was then sutured to prevent return of the testis into the scrotum.
Fifteen milliliter blood samples were collected hourly be venipuncture into heparinized tubes over a 6-h period on the morning of testis treatment (d O) j~ast before testis alteration. Blood samples were also collected hourly for a 6-h period on the morning of d 1, 3, 7, 14-and SjB-4 Plastic, Polysciences, Inc., Warrington, PA. 30 after gonadal manipulation. Serial 6-h blood sampling was then conducted once monthly for a 6-mo period. Blood samples were centrifuged and the plasma stored at -20 C for later determination of hormone concentration.
At slaughter 11 mo after testis treatment at 14, 17 and 20 mo of age, respectively, body, testis and epididymal weights were recoi'ded. The epididymis and a portion of the testis were processed for sperm cell concentration determination. The ratio of testis to body weight (TRAT) was calculated to express gonadal weight as a proportion of body weight in order to investigate the effect of treatment more uniformly in bulls of different body size. Mean testis weight from each IN bull was used in the calculation of TRAT. Additional testicular tissue was fixed in formalin, dehydrated, infiltrated and embedded in plastic s for later determination of testicular histological characteristics (Disbrey and Rack, 1970) .
Radioimmunoassay. Plasma LH concentration was determined by the homologous double antibody radioimmunoassay described by Barnes et al. (1981) using NIH-LH-B9 as reference standard. Assays were performed in duplicate on all samples, with intraassay coefficients of variability averaging 9.4% and interassay coefficients of variabili W averaging 11.3%.
Plasma FSH was quantified by the method described by Barnes et al. (1981) using NIH-FSH-B1 as reference standard. All samples were assayed in duplicate and average intra-and interassay coefficients of variation were 4.8 and 12.4%, respectively.
Plasma T concentration was determined as described by Barnes et al. (1981) . All samples were assayed in duplicate and intra-and interassay coefficients of variation were 13.7 and 15.9%, respectively.
Testicular Sperm Counts. At slaughter, a
tissue slice the length of the testis and lateral to the rete testis was removed, weighed and homogenized in a Waring blender. The homogenate was allowed to settle for 5 min. Duplicate .9-ml aliquots were then taken and each combined with .1 ml of rose bengal staining solution. The sperm heads were counted on a hemacytometer and data were recorded on a per gram of tissue basis. Mean testicular sperm content was determined by multiplying sperm concentration by the weight of the testis.
Histology.
A lateral slice midway between the two poles of the testis was removed, cut into .5 x 1.5 cm pieces and placed in buffered formalin. The pieces were then trimmed into .7 x .5 mm blocks, dehydrated and embedded in plastic s. The sections were stained using Lee's methylene blue-basic fuchsin stain (Lillie, 1969) .
Seminiferous tubuler diameter and epithelial cell heights were determined using an ocular micrometer as described previously (Barnes et al., 1980c) .
Statistical Analysis. Anatomical (one observation/animal) and histological (five repeated observations/animal) data were analyzed as a completely randomized 3 x 3 factorial. Hormone concentrations (11 sampling days/animal) were analyzed with a least-squares model containing age, treatment, age x treatmenL bull within age x treatment, time within age and time within treatment. The first three factors were tested against bull within age x treatment.
Results
Mean systemic T concentrations for bulls combined by ages at treatment are presented in table 1. Although plasma T was decreased (P<.05) on d 1 to 14, no overall difference (P>.05) in plasma T concentrations due to testis treatment was detected. Analysis of age at treatment .combining all treatments showed greater (P<.05) systemic T concentrations in bulls treated at 9 mo of age than in bulls treated at 3 or 6 mo of age (table 2) . Mean systemic T concentration was also greater beach value represents the mean hormone concentration in six serial blood collections taken at 11 different time periods for a 6-mo interval after treatment.
C'dMeans in the same row with different superscripts differ (P<.05). bEach value represents the mean hormone concentration in six serial blood collections taken at 11 different time periods for a 6-too interval after treatment.
c'd'eMeans in the same row with different superscripts differ (P<.05).
(P<.05) in bulls treated at 6 mo than in bulls treated at 3 mo of age. Plasma T concentrations in CR bulls declined (P<.05) 1 d after manipulation, then increased within 7 d of surgical manipulation to levels of IN bulls (figure 1). Systemic plasma T concentrations of UC bulls also declined after hemicastration and did not reach mean plasma concentrations of IN bulls for about 10 d.
Mean LH plasma concentrations were similar (P>.05) between testis treatments when combined over all ages at treatment (table 1, figure 2). Mean plasma LH was greater (P<.05) in bulls treated at 3 mo of age than in bulls treated at 6 or 9 mo of age ( (table 3) . Epididymal weights of older bulls were greater (P<.05) than for younger bulls (table 3) .
Mean testis sperm cell concentration did not differ (P>.05) due to gonadal manipulation (table 4) . Mean testis sperm cell content was greater (P<.05) in UC bulls than in IN bulls. No differences (P>.05) were found in mean sperm cell content between scrotal testes of CR bulls and testes of IN bulls. Sperm cell concentration and total sperm cell content were increased (P<.05) in bulls after testis treatment at 9 mo of age when compared with bulls treated at 3 mo of age. Gonadal manipulation at 6 mo of age resulted in greater (P<.05) mean sperm cell content than when performed at 3 mo of age. No sperm cells were present in abdominal testes of CR bulls. Analysis of treatment and age at treatment interactions showed that mean testis sperm content after UC at 3 mo of age was approximately threefold greater (P<.05) than mean sperm content of the testes of IN bulls of the same age. No differences in sperm Cell content (P>.05) were found due to testis treatment performed at 6 or 9 mo of age.
Seminiferous tubuler diameter was 12 and 16% greater (P<.05), respectively, in the scrotal testis of CR and UC bulls than in the testes of IN bulls when analyzed over all treatment ages (table 5) . Tubular diameter was also increased (P<.05) in UC bulls when compared with CR bulls. Tubuler diameter at the time of slaughter was greater (P<.05) in testes of older bulls than in those of younger bulls over all testis treatments. Seminiferous tubuler diameter in UC bulls altered at 3 mo of age was 21% greater (P<.05) than in IN bulls at the same age. The CR bulls altered at 3 mo of age had 9% greater (P<.05) tubuler diameter than IN bulls at the same age. Seminiferous tubuler diameter of UC and CR bulls treated at 6 and 9 mo was greater (P<.05) than in IN bulls of the same ages, but to a lesser degree than bulls treated at 3 mo of age. Seminiferous tubuler epithelial cell height was increased by 12 to 18% (P<.05) in testes of UC bulls when compared with CR or IN bulls over all ages at treatment. Greater (P<.05) epithelial cell height resulted when testis treatment was applied at 6 and 9 mo of age than at 3 mo of age (table 5) . Tubuler epithelial cell height was 12 and 37% greater (P<.05), respectively, in the scrotal testes of CR and UC bulls treated at 3 mo of age than in the testes of IN bulls of the same age. Seminiferous tubuler epithelial cell height increased (P<.05) as a result of UC at 6 mo of age when compared with epithelial cell height in the tubules of IN bulls of that age.
Ratios of interstitial to seminiferous tubuler areas were similar (P>.05) following gonadal manipulation (table 5) . At slaughter, animals treated at 9 mo of age had decreased (P<.05) proportions of interstitial area to tubuler area when compared with those started at 3 and 6 mo of age. At 3 mo of age UC resulted in a decreased (P<.05) proportion of interstitial to tubuler area when compared with testes of IN bulls of the same age. The seminiferous tubules in the abdominal testes of CR bulls were highly degenerated, with little or no germinal cell content.
Discussion
The current study demonstrates that hemicastration elicits a more drastic alteration of the gonadal-hypophyseal endocrine axis and on testis function than does induced CR. Two hormones affected by UC in the young bulls are T and FSH, while LH production did not appear to be altered. The fact that circulating T declined immediately after UC, but quickly recovered, and did not differ compared with T levels in IN or CR bulls overall, demonstrates a responsive mechanism is operating to maintain systemic T despite the loss of one testis. This is the first attempt to describe short-term endocrine changes in altered bulls and indicates that testis response to UC or CR is surprisingly rapid. Previous reports have demonstrated that the remaining testicular tissue after UC of the bull (Johnson, 1978; Barnes et al., 1980b) or rat (Gomes and Jain, 1976) , though smaller in mass, is capable of maintaining systemic T values comparable to the IN animal. Assuming the circulating T is of gonadal origin, the ability of this tissue to produce increased amounts of T may be indicative of an increase in number or in steroidogenic capacity of the Leydig cells compared with those of the IN bull.
The failure of gonadal manipulation to elicit any change in systemic LH is further indication of the ability of the intact testis to compensate and maintain adequate systemic androgen to regulate LH. It is of interest that even though testosterone declined immediately after UC and CR, no increase was detected in systemic LH. Previous reports (Johnson, 1978; Barnes et al., 1980c; Leidl et al., 1980 ) also demonstrated unchanged LH in long term UC bulls, but did not examine systemic LH response immediately after UC. In agreement with the present study, systemic LH concentration was unchanged in CR rats (Gomes and Jain, 1976) , suggesting no disruption of androgen regulation of the hypothalamo-pituitary complex after this treatment. The source of systemic T in CR bulls in the present study is uncertain. While the scrota] testis of the CR did not significantly hypertrophy, the abdominal testis was reduced in size and appeared to be histologically abnormal. The increase in systemic LH in bilateral cryptorchid bulls (Schanbacher, 1978) indicates that Leydig cell T production is decreased in the abdominal testis of the cryptorchid and suggests compensatory action of the scrota1 testis in the CR bull. The increase in FSH after hemicastration is indicative of gonadal regulation of this hormone and implies a partial removal of suppression. Increased plasma FSH has been reported in UC bulls (Leidl et al., 1980; Barnes et al., 1981) and in cryptorchid bulls (Schanbacher, 1979) and is thought to result from a reduction of a suppressing factor involved in testicular-pituitary interaction. Rush and Lipner (1979) demonstrated that administration of bovine testicular extracts suppressed a postcastration increase in plasma FSH in rats. Cultured rat Sertoli cells also produce an FSH-inhibiting factor (Steinberger and Steinberger, 1976) . The fact that systemic FSH in CR bulls did not vary from either IN or UC bulls suggests that although production of this FSH-inhibiting factor was reduced by C.R, it was not impaired to the extent experienced in the UC bull. The increased FSH concentration due to gonadal manipulation suggests it is responsible, at least in part, for the compensatory hypertrophy in size and gamete production of the testis in the UC bull.
Both plasma T and LH varied with age at treatment, reflecting the age-related changes that occur in these two hormones in the bull (Barnes et al., 1980b) . The absence of any interactions indicated that endocrine response to UC and CR did not vary with age at treatment. However, the degree of compensatory hypertrophy experienced by UC bulls was greater in animals treated at 3 mo than in animals treated at 6 or 9 mo of age. Apparently, the remaining testis is more sensitive to the increased gonadotropin available to it at this formative stage. Differences due to age at testis treatment in body weight, testis weight, epididymal weight, sperm content, seminiferous tubuler diameter and epithelial height are reflective of increasing ages of the bulls at slaughter. However, testis weight, TRAT, total testicular sperm cell number, epithelial height and seminiferous tubule diameter were greater after UC performed at 3 mo of age than IN bulls at the same age. Although there tended to be an increase in total testicular sperm numbers after UC at 6 and 9 mo, a significant difference was not detected. This suggests that UC at 6-mo of age may represent a disturbance of normal endocrine patterns at a time too advanced in reproductive development to result in appreciable alteration of spermatogenesis. Johnson (1978) was also unable to demonstrate increased numbers of testicular sperm after hemicastration in adult or puberal beef bulls.
Unilateral cryptorchidism did not result in a significant hypertrophy of the scrotal testis, however, a tendency toward increased testis weights as compared with IN bulls was noted. The seminiferous tubuler diameter in the scrotal testis of bulls after CR was greater than that of IN bulls, but was not different from tubuler diameters in hemicastrates. Thus, the partial testicular hypertrophy exhibited by CR bulls and the significant testicular hypertrophy in UC bulls is reflective of the alteration that occurred.
In summary, gonadal manipulation resulted in alteration of the gonadal hypophyseal endocrine axis in the bull regardless of age at treatment. Unilaterally castrated and CR bulls, although possessing a lesser amount of testis tissue than IN animals, produced comparable amounts of T without a detectable increase in LH. Mean plasma FSH concentrations were increased in UC bulls compared with that in CR and IN bulls and indicates that a reduction in systemic FSH-inhibiting factor has occurred. Hemicastration caused greater testis hypertrophy than CR and hypertrophy of testis function was greater when gonadal manipulation occurred at 3 mo of age than at 6 or 9 mo of age.
